UV radiation (UVR) is a complete carcinogen that elicits a constellation of pathological events, including direct DNA damage, generation of reactive oxidants that peroxidize lipids and damage other cellular components, initiation of inflammation, and suppression of the immune response. Recent dramatic increases in the incidence of nonmelanoma skin cancers are largely attributable to higher exposure of an aging population to UVR. Therefore, the development of cellular strategies for intrinsic protection of the skin against the deleterious effects of UVR is imperative. Here we show that erythema resulting from UVR is a comprehensive and noninvasive biomarker for assessing UVR damage and can be precisely and easily quantified in human skin. Topical application of sulforaphane-rich extracts of 3-day-old broccoli sprouts upregulated phase 2 enzymes in the mouse and human skin, protected against UVR-induced inflammation and edema in mice, and reduced susceptibility to erythema arising from narrow-band 311-nm UVR in humans. In six human subjects (three males and three females, 28 -53 years of age), the mean reduction in erythema across six doses of UVR (300 -800 mJ/cm 2 in 100 mJ/cm 2 increments) was 37.7% (range 8.37-78.1%; P ‫؍‬ 0.025). This protection against a carcinogen in humans is catalytic and long lasting. erythema ͉ nicotinamide:quinone oxidoreductase 1 ͉ skin tumor ͉ chemoprotection
T
he incidence of skin cancer is rising, and skin cancers are now the most common types of cancer in the United States, where over 1 million new cases are reported each year (1) . This steady increase in incidence is expected to continue because of depletion of stratospheric ozone, increased exposure to solar radiation, and longer life expectancy. UV radiation (UVR) is the principal etiological factor responsible for the majority of skin cancers. Several lines of evidence support this notion. First, UVR causes direct DNA damage, leading to the formation of unique DNA photoproducts (e.g., cyclobutane-pyrimidine dimers and pyrimidine-pyrimidone products) (2) . The resulting CC-TT transitions are known as ''signature mutations'' and have been detected in protooncogenes (ras) and tumor suppressor genes (p53 and PTCH) isolated from skin cancer samples (3, 4) . Individuals with impaired DNA repair capacity (e.g., xeroderma pigmentosum) who are deficient in nucleotide excision repair are much more sensitive to sunburn and develop skin tumors exclusively on sun-exposed areas. Overall, they are at 1,000-fold increased risk for developing skin cancer compared with the general population (5) . Second, UVR can damage DNA indirectly by causing oxidative stress resulting from lipid peroxidation and formation of reactive oxygen and nitrogen intermediates (6, 7) . Third, exposure to UVR causes inflammation, including erythema and edema (8) , and chronic inflammation is a recognized risk factor for tumor development (9) . Fourth, UVR causes immunosuppression, which raises tolerance to genetic instability (10) . Thus, immunosuppressive agents that both increase the photosensitivity of the skin and create opportunities for viral infections also contribute substantially to the increased risk (Ϸ200-fold) for skin cancer in solid organ transplant recipients (11) . Therefore, the development of strategies for protection against UVR is an urgent need (12) .
One possible strategy for protection is by enhancing the intrinsic protective mechanisms that all multicellular organisms have evolved, including an elaborate network of cytoprotective (phase 2) proteins that combat oxidants and electrophiles (13) . There is convincing evidence that the genes encoding these cytoprotective proteins can be transcriptionally up-regulated by small molecules (inducers) by the Keap1-Nrf2-antioxidant response element (ARE) pathway (14, 15) . Such induction is a highly effective strategy for achieving protection against toxicities and a variety of diseases in animal models (13) . Importantly, inducers are found in edible plants, and the isothiocyanate sulforaphane (SF) (derived from broccoli) is a prominent example (16) (17) (18) (19) . We have reported that prior topical application of SF [delivered in the form of broccoli sprout extracts (BSEs)] to the skin of mice and healthy human subjects elevates NAD(P)H: quinone oxidoreductase 1 (NQO1) (20) , a representative cytoprotective enzyme. We now show that such treatment reduces the skin sensitivity to erythema, a comprehensive and noninvasive biomarker for UVR-inflicted injury (21) , and thus provides evidence that up-regulation of the intrinsic cytoprotective mechanisms of the skin protects against damage of a carcinogen that is ubiquitous in our environment and represents the principal etiological factor for the development of human skin cancers. the cytoprotective (phase 2) response in the skins of mice and humans (20, 23) . Furthermore, UV-induced skin tumor development (incidence, multiplicity, and total tumor burden) in SKH-1 mice was strongly suppressed by topical BSEs containing SF (23) .
When the backs of SKH-1 female mice were exposed to single, but much higher, doses (700-1,200 mJ/cm 2 ) of narrow-band 311-nm UVB, comparable with those used to determine skin erythema sensitivity in humans, the skin layers became much thicker and showed marked edema and inflammation within 24 h (Fig. 1A Left and Center). These damaging effects were substantially averted by prior treatment of mouse skin for 3 days with daily doses of 100 nmol/cm 2 of SF delivered as a BSE ( Fig. 1 A Right). Skin myeloperoxidase (MPO) activity, which is localized in azurophilic granules of neutrophils and is a sensitive marker of inflammation intensity (24) , increases in a dose-dependent manner upon UVR (Ͼ25-fold at 1,200 mJ/cm 2 ) (Fig. 1B ). Prior treatment with synthetic SF or BSE containing SF suppressed the increases of MPO protein and enzyme activity levels ( Fig. 1  C and D) . The specific activities of the prototypic phase 2 enzyme, NQO1, in homogenates of these SF-or BSE-treated mouse skins also were elevated as reported (23) . UVR depressed these inductions slightly (Fig. 1E ). Topical treatment with either pure SF or BSE containing equivalent amounts of SF showed quantitatively equivalent effects on the inductive increases in NQO1 and the inhibition of the UVR-dependent MPO activity. This finding strongly supports the conclusions that: (i) both the phase 2 inducer activity and the protective effects against UV-mediated edema and inflammation (and probably other aspects of UV damage) provided by BSE are entirely attributable to their SF content, and (ii) these effects do not arise from direct UVR absorption because SF has negligible absorption at 311 nm, whereas BSE are aqueous plant extracts and are colored.
Measurement of UV Erythema and Design of a Template for Treatment
and Radiation. Translation of these findings from mice to humans required the development of highly quantitative and reproducible methods for evaluating UV-mediated damage of human skin. We chose to measure erythema as a noninvasive biomarker. We designed a reusable, adhesive vinyl template that could be precisely positioned on the skin to make repetitive measurements of red reflectivity at exactly the same areas (spots) that were treated with standardized 311-nm doses of UVR and with potential protectors. Two 10 ϫ 17-cm rectangular, opaque vinyl templates, each with four pairs of 2.0-cm diameter circular windows, were attached on successive days in precisely the same paraspinal region of the backs of volunteers ( Fig. 2A) . The erythema of each spot was quantified under standardized conditions with a chromometer (model CR-400; Konica Minolta, Ramsey, NJ) that determines the erythema index, a*, a unitless ratio of the intensities of the red reflectivity of the skin to the emission of a xenon arc flash adjusted for chromaticity along the green-red axis (25, 26) . Male and female volunteers (28-53 years of age) with skin type 1, 2, or 3 and no skin pathology were MPO-specific activity (B) was measured in supernatant fractions of total homogenates prepared from liquid nitrogen-frozen and pulverized dorsal skin, and its protein levels (C) were detected by Western blots with anti-MPO antibody (Hycult Biotechnology, Uden, The Netherlands). Uniformity of protein levels was confirmed by Coomassie blue staining of a parallel gel (data not shown). (D and E) MPO-specific (D) and NQO1-specific (E) activities were measured in supernatant fractions of total skin homogenates from mice treated with solvent (black bars), SF (gray bars), and BSE (white bars) and are expressed as ratios of each treatment to the nonirradiated control. Average values Ϯ SD are shown. Eight animals were used in the control group, and four in each of the treatment groups. Treatment with either SF or BSE led to equivalent protection against the UVR-induced MPO elevation (SF, P ϭ 0.005; BSE, P ϭ 0.001), and restoration of the NQO1 levels depressed by UVR (SF, P ϭ 0.003; BSE, P ϭ 0.00001). enrolled. They were asked to refrain from consuming cruciferous plants, including mustard, horseradish, wasabi, and condiments for 1 week before and during the study period, and they were told not to consume coffee or to exercise before each study visit, which took place at 1300 hours each day. No restrictions were placed on consumption of medications or dietary supplements. Subjects rested prone for 20 min, and measurements were begun on each spot 20 s after allowing skin to equilibrate under the weight of the chromometer (Ϸ780 g). Eleven repetitive measurements were obtained on each spot in rapid succession (Ϸ5-s intervals). The last eight values were used to calculate mean a* values and coefficients of variation (CVs) for each spot. All readings were obtained by a single trained operator.
The reproducibility of the measuring procedure was validated by obtaining mean a* values for all 16 spots of five subjects on 5 consecutive days (on the 4 days before and 24 h after UV exposure). These measurements established the following: (i) the last eight repetitive chromometer measurements made on the same 16 individual spots during the 4 days before UVR had a CV of 3.79 (SEM ϭ 0.19%; n ϭ 320 measurements), whereas 24 h after UV exposure the CV of the now higher a* values of 16 spots in the same five subjects was 2.26 (SEM ϭ 0.21%; n ϭ 80). In other words, repetitive measurements of the higher a* values of radiated spots could be determined with greater precision (P Ͻ 0.0001); (ii) the initial mean a* values of the 16 spots in five individuals measured on 4 successive days before UVR were 4.52 Ϯ 1.89 (n ϭ 320). However, the variability of a* values among individual spots was considerably greater, ranging from 0.59-10.17. Although both the spot location and day of measurement significantly affected the basal a* values for a given individual, the CV, because of spot location alone, was 19.2%, whereas the CV from day to day was 6.2%. Thus, the differences in a* values among individual spots in a single subject were much larger than the variation between repetitive measurements on the same spot over time. This analysis of erythema index a* measurements led us to conclude that each spot of any individual must be considered an independent observational unit; (iii) the increase in erythema resulting from UVR (⌬a*) varied inversely with the initial value of a* before UV exposure (P ϭ 0.008), which is consistent with the view that lighter skin is more susceptible to erythema than darker skin; and (iv) the variation in UVR-induced erythema (⌬a*) was random across the back, indicating no statistical bias to selecting vertically or horizontally adjacent control and treatment spots. On the basis of anatomical considerations (e.g., dermatomes and vasculature), horizontally adjacent spots were selected as treatment/control pairs.
UV Radiation Dose-Response Curve. Having established a quantitative and reproducible system for assessing UV-mediated erythema, the relationship between UV dose and erythema response was examined in a 53-year-old single male with type 2 skin. Eight horizontally paired windows were exposed to UVR doses from 100-800 mJ/cm 2 in 100 mJ/cm 2 increments, and a* measurements were made just before and 24 h after UVR. This range of UVR doses is widely used by dermatologists to determine the minimum erythema dose. The increments in a* values rose linearly with UV doses in this range (Fig. 2B) , and there was reasonable agreement among duplicate areas even when the initial a* values of each spot were quite different. Therefore, we express increases in erythema as arithmetic increments in a* values for each individual spot, rather than the ratio of the a* value after UVR to that before UVR.
Optimization of SF Scheduling for Induction of NQO1 in Human Skin.
We recently reported that topical application of SF-containing BSE (in 80% acetone:20% water) to the epidermis of SKH-1 female mice induced NQO1, GST A1, and heme oxygenase 1, which typify the phase 2 response. The specific activities of NQO1 also were increased 1.5-to 4.5-fold in biopsies of human skin. Single and multiple dermal applications (up to at least 340 nmol SF equivalent to a 1.0-cm diameter circle) of such extracts were well tolerated (20) . To optimize the dosing schedule for the present studies of protection of human skin against UV erythema, we treated 1.0-cm circular areas on the lower backs of three volunteers with 5-l aliquots of BSE containing 100 nmol of SF. The extract was applied at 24-h intervals on day 1, on day 3, on days 2 and 3, or on days 1, 2, and 3, and biopsies were obtained on day 4. Treatment on 3 successive days resulted in the largest induction, with mean elevations of NQO1-specific activities of 2.19-fold (range 1.76-3.24). Therefore, in the following experiments, we treated with BSE at 24-h intervals on 3 successive days before UVR.
Protection Against UV Erythema Depends on SF Dose. To optimize the protective doses of SF, one subject (male, age 53) received daily treatments with a range of doses of BSE (containing 100, 200, 400, or 600 nmol of SF) on 3 successive days and was irradiated with 500 mJ/cm 2 Table 1 (subject 2) .
to 24 h after radiation showed that SF treatment provided dose-dependent protection ( Fig. 3 A and B) . The increase in erythema was inhibited by 26.3%, 44.4%, 57.6%, and 57.5% at daily doses of 100, 200, 400, or 600 nmol of SF per 2.0-cm diameter spot, respectively. This degree of protection by SF as a function of dose was in reasonable agreement with the dose-dependence of NQO1 induction as previously established in human skin (20) .
Protection Against UV Erythema by SF in Volunteers.
To examine the protective effects of treatment with SF-containing BSE on UV dose-dependent erythema, the extracts were applied topically inside the 2.0-cm diameter circles of the vinyl template. Treated spots received the BSE in 25 l of 80% acetone/20% water, and horizontally paired spots were treated with solvent only. Measurements of a* values were made on 5 consecutive days: 3 days before UV exposure, on the day of exposure immediately before UVR, and 24 h after exposure. Each subject was studied at eight doses of UVR (100-800 mJ/cm 2 in 100 mJ/cm 2 increments), and a* values were obtained for treated and control spots at each UV dose level. The a* measurements for each spot obtained on 4 successive days before UVR were averaged, and the means were used as the a* (pre-UVR) values. Pilot experiments showed that the increments in a* values (⌬a*) after UVR [i.e., a* ([post-UVR) Ϫ a* (pre-UVR)] were the most appropriate measures of changes in skin erythema of individual spots. Because the response of individual subjects to a given dose of UV varied significantly (P Ͻ 0.0001), as did the pre-UVR a* values, we expressed the protective effects as the fractional reduction (%) in erythema upon treatment, thus providing a method of subjectand skin region-specific normalization.
A typical result ( Fig. 3 C and D) establishes that SF treatment inhibited erythema development by 84.3%, 41.6%, and 89.4% at 600, 700, and 800 mJ/cm 2 doses of UVR, respectively, in spots that had been treated with BSE containing 200 nmol of SF on 3 successive days before radiation. We next examined the protective effect of SF in six volunteers who received BSE containing either 200 nmol (four subjects) or 400 nmol (two subjects) of SF on 3 successive days before radiation and were exposed to a range of eight doses of UVR (100-800 mJ/cm 2 ). In our continued analysis (Table 1) , we excluded the responses at 100 and 200 mJ/cm 2 because the increment in a* at these low-UV doses was consistently smaller than their basal daily variations. The UV dose had an insignificant effect on the percent reduction of erythema (P ϭ 0.50), and trend analysis of the fractional reduction in erythema with respect to UV dose indicated no significant association (P ϭ 0.09). This finding suggests that the degree of protection is a relatively constant fraction of the erythema response irrespective of its magnitude. Therefore, SF probably protects against a relatively constant fraction of the multifactorial erythema response. Consequently, we chose to pool the data for all six subjects at six UV exposures to provide more power to the study. However, even without this restriction (n ϭ 35; one observation was not available) of the values, including those at which no erythema was observed, there was a highly significant effect of treatment (P Ͻ 0.0001), and this finding was readily apparent visually. The data reveal levels of protection ranging from 8.37% to 78.1% for the six individual subjects across all six UVR doses (300-800 mJ/cm 2 ). When the results were examined on an individual basis (i.e., across a row in Table 1 ), the mean degree of protection for all subjects across the six UVR doses administered was 37.7% (SEM ϭ 11.2; n ϭ 6), which was highly significant (P ϭ 0.025; C.I. ϭ 11.8-64.0%). The a* measurements, confirmed by visual inspection, provided evidence that, although SF treatment inhibited UV erythema in most observations (27 of 35 spots showed 8.7% or more protection), the response varied considerably both in individual subjects and among subjects.
Protection Does Not Depend on Absorption of UV Radiation. Three types of experiments provide convincing evidence that the protective effects of SF against photodamage were not mediated by absorption of the incident UV radiation. (i) Application of a sunscreen preparation (Ϸ10 mg per spot of Neutrogena Ultrasheer, Sun Protection Factor 55) for 3 days on the same schedule as the BSE and UV radiation (500 mJ/cm 2 ) resulted in negligible protection (3.5%; mean of two observations) 24 h after the last application. Because volunteers were encouraged to retain their personal hygiene, it seems highly unlikely that a UV-absorbing effect could have persisted for 24 h or longer. (ii) Application of a BSE preparation delivering 400 nmol of unhydrolyzed glucoraphanin (the inactive glucosinolate precursor of SF) (27) per spot provided negligible protection (4.7%; mean of two observations). These preparations were identical to the SF-containing The six subjects (three men and three women) were studied under identical conditions over a 5-day period, as described under Materials and Methods. The pairs of adhesive vinyl templates were applied in the same paraspinal positions on 4 successive days, at 24-h intervals, and erythema index (a*) values were determined with the chromometer on each of the 16 circular (2.0-cm diameter) windows at each session. The means of the last eight values of each set of measurements obtained on 4 days were averaged, and these means were assumed to be the a* values for each spot before UVR (Pre-UVR). Immediately after the last measurements, the subjects were exposed to a range of doses of UV (311 nm), such that the eight pairs of adjacent spots received 100 -800 mJ/cm 2 in 100 mJ/cm 2 increments. Twenty-four hours after UVR, the chromometer a* measurements were repeated (Post-UVR). Only results for the 300 -800 mJ/cm 2 UVR are shown (see text). On the first 3 days, one of each pair of spots was treated with 25 l of BSE containing 200 -400 nmol SF (in 80% acetone/20% water), and the other received 25 l of solvent only. The effects of treatment on UVR-induced erythema a* were derived from the change in a* values (⌬a*), i.e., (a*Post-UVR Ϫ a*Pre-UVR) for BSE and solvent-treated spots, and the percentage change expressed as follows: ͓(⌬a* of treated spot/⌬a*of control spot) ϫ 100͔.
The P values were calculated using a two-sided Student t test and represent the comparison between an individual subject's average percent reduction (i.e., across all UVR doses administered) and no protection (i.e., 0% reduction in erythema). For the purpose of the t test, we assumed the standard deviation associated with no protection (0% reduction) was the same as that calculated for each individual. Consequently, in determining the significance of the mean percent reduction for all six subjects, the standard deviation associated with a no protection value (0%) was assumed to be equal to that of the individual subject responses.
BSE, except that the SF precursor had not been hydrolyzed by myrosinase. (iii) Treatment of one subject with BSE for 3 days according to the previous protocol, but delay of UV radiation for 48 or 72 h after the end of treatment, resulted in substantial continuing protection: 32.1% protection at 48 h and 10.3% at 72 h. These control experiments also shed light on the unique nature of a protective strategy that depends on transcriptional activation of a wide variety of enzymes. Thus, SF has a short tissue half-life (1-2 h) , and yet its effects are clearly evident even 2-3 days after treatment because they depend on the synthesis of long-lived proteins. This long-lasting property has not been demonstrated for other topical skin protectors like sunscreens, melatonin, epigallocatechin gallate, and carotenes (12, 28, 29) . Moreover, experiments on mouse skin strongly suggest that the UVR protective effects of BSE are equivalent to those of an equivalent dose of pure SF as shown previously. Because SF absorbs UV maximally near 240 nm and is almost transparent at 311 nm, this compound is unlikely to be decomposed or absorbed by UVR at 311 nm, in contrast to some of the other topical protective agents.
Discussion
The mean reduction in erythema by BSE in all subjects was 37.7% (range 8.37-78.1%) and was highly significant. Nonetheless, whereas the protection was highly significant in three subjects (mean 56.8%, range 38.3-53.9%, P Ͻ 0.004), it was not significant in the three other subjects (mean 19.2%, range 8.37-25.5%, P ϭ 0.122-0.210) ( Table 1) . We believe that this lack of significant mean protection in these subjects is attributable to the apparently random lack of protective responses at some spots (Table 1) . Although the reasons for this variability in protective responses are not explained by our experiments, a number of factors require consideration. Although exact positioning of the subject during UV radiation and the delivery of precisely equivalent doses of UV to all spots are difficult to control because of the uneven contours of the backs, especially among lean subjects, these factors are unlikely to contribute significantly to the uneven protective responses of some adjacent skin regions. A recent study has shown that the inductive responses of both phase 1 and 2 enzymes of skin vary considerably among individuals, although regional responses in skin were not examined (30) .
Differences in protective responses among individuals may be related to the well known genetic polymorphisms among the genes encoding for phase 2 enzymes (31). Furthermore, Nrf2, the major transcription factor that is responsible for both basal and inducible expressions of phase 2 genes, and the AREs, the enhancer sequences to which Nrf2 binds to initiate transcription of phase 2 genes, are both polymorphic (32, 33) . This finding is relevant because of the well recognized regional mosaicism in gene expression in the skin that seems to follow ectodermal development (Blaschko lines) (34) . Furthermore, in mice, gender affects the UVR sensitivity and response of skin to carcinogens, inflammation, and DNA damage (35) , and the incidence of skin carcinogenesis is different among men and women. Although gender is not likely to affect regional differences in skin responsiveness, such effects would not have been detected by our studies. Differences in responsiveness to protection among individuals also are probably related to the effects of diet and the intake of drugs, hormones, and dietary supplements, which were not strictly controlled in our studies.
The extensive and wide variety of efforts by many investigators to control and prevent photodamage to human skin attest to the great medical importance of this goal. A comprehensive review of such animal and human studies is not feasible here. Efforts have been made to achieve such protection by topical and dietary strategies. Most of these studies have been done in cell lines and mouse skin, demonstrating that both dietary and topical applications of a variety of plant products effectively block nearly all aspects of the UV response of the skin and skin-derived cells (28, 36) . There are few topical protection studies (other than conventional sunscreens) in humans, and among these studies the use of topical carotenoids (␤-carotene, lutein, and zeaxanthin) has been the most prominent (36, 37) . Most closely related to our studies are the reports that topical carotenoids, including lycopene, reduce UV erythema in human skin (36) . Other topical agents are melatonin, vitamin E, and epigallocatechin gallate (28, 29, 38) . In some of these experiments, the contribution of possible absorption of UVR to protection has not been rigorously excluded. Carotenoids were examined because they are highly potent quenchers of certain types of reactive oxygen species (singlet oxygen). The targeting of specific damaging photoproducts generated by UVR has taken several directions. The use of direct quenchers of photoexcited states, and antioxidants that react directly with oxidants and are mostly destroyed by the process of protection, metal chelators, modulators of photooxidative signaling pathways, and others, have been reviewed (12) . Up-regulation of the phase 2 cytoprotective response empowers the cell to counteract nearly all of the previously mentioned damaging processes. The complete range of the Nrf2-dependent phase 2 response is not precisely known, but typical proteins that are elevated include glutathione (GSH) transferases, NQO1, epoxide hydrolase, heme oxygenase 1, ferritin, thioredoxin reductase, and the rate-limiting enzyme in GSH synthesis (␥-glutamylcysteine synthetase), the induction of which results in elevation of GSH levels. The scope of protective mechanisms evoked in cells by SF and other stimulators of the Keap1-Nrf2-ARE pathway includes inhibition of the activation of procarcinogens, blocking of all stages of carcinogenesis, inhibition of neoangiogenesis and metastasis that are involved in later stages of carcinogenesis, disposal of damaged and potentially neoplastic cells by cell cycle arrest and apoptosis, and suppression of inflammatory responses (18) . SF also protects the retina against oxidative stress and UVR and visible light damage (39) .
Induction of the phase 2 response can, therefore, provide powerful protection against a wide variety of processes that damage living cells. Most of the same pathological processes occur in skin exposed to UVR. The advantage of using SF as an inducer is that it is a dietary component. Because it exerts most of its effects by the transcriptional enhancement of the synthesis of proteins, most of which are enzymes, its effects are long lasting, catalytic, and unlikely to interfere with vitamin D biosynthesis.
These experiments demonstate that SF provides direct protection against the pathophysiological effects of UVR in human skin.
Materials and Methods
Human Studies: Measurement of Erythema. The pairs of eightwindow vinyl templates used to locate the same regions of the skin of the backs of volunteers are described in the text. The windows could be occluded individually by easily removable vinyl shades (adhesive at the periphery, but nonadhesive over the windows) so that graded UV dosages could be delivered to the spots. Narrow-band UV (centered at 311 nm) was delivered in a Daavlin Full Body Phototherapy Cabinet with NB-UVB/TL01 lamps equipped with an integrated UVB dosimeter (Bryan, OH). The windows were used to produce either the same dose of UV to all windows or graded doses from 100-800 mJ/cm 2 to selected pairs of horizontally adjacent windows. Subjects were of skin phototypes 1 (always burns, never tans), 2 (always burns, sometimes tans), or 3 (sometimes burns, always tans). The subjects rested prone for 20 min in a temperature-controlled room (25 Ϯ 2°C) before measurements were made. The intensity of radiation was calibrated with an IL-1400 Radiometer (International Light, Newburyport, MA). The erythema of the human skin was determined with a chromometer (model CR-400;
